ABSTRAa. To investigate the feasibility of screening for familial hypercholesterolemia, apolipoprotein B (Apo B) levels were determined in dried blood spot samples on neonatal screening cards from 5000 consecutively born neonates, by radial immunodiffusion assay. The 103 infants with Apo B levels in the top 2% were recalled for repeat dried blood spot Apo B determinations. Forty-five of the 103 infants were retested, and serum lipid profiles and Apo B levels were determined for both parents of 43 of these infants, and for the mother only for the other two infants. The recalled "top 2%" group had a higher proportion of females, a higher mean birth weight, a higher mean gestational age and a higher proportion of infants sampled initially on day 5 than in the total screened population, consistent with our previously determined influence of these factors on Apo B levels at screening. The retested group (n = 45) was representative of the total recalled group (n = 103) with respect to Apo B levels at screening, sex, birth weight, gestational age, and age at sampling for screening. The infants' mean 2 S D age at retesting was 12.3 f 3.3 months. Their mean Apo B value on retesting was 0.65 2 0.20 g/liter of whole blood (range 0.30 to 1.16 glliter). Two fathers had had coronary bypass surgery by the age of 40 and had type I1 lipid profiles and elevated serum Apo B levels. For both, their child had elevated Apo B levels at recall (both 1.05 g/liter of whole blood). Another five mothers and five fathers had type I1 lipid profiles (total and low-density lipoprotein cholesterol more than 95th percentile for their age and sex), and in four of these their child also had elevated Apo B levels at recall (20.70 glliter of whole blood). Another eight infants had recall Apo B levels of more than 0.70 g/liter, of whom two had only had one parent with low-density lipoprotein cholesterol more than the 90th percentile suggesting genetically determined elevated levels. Despite the arbitrary cutoff point, a total of six of the 45 infants retested had strong indications of having the gene for familial hypercholesterolemia. This gives an estimated frequency of between one in 365 and one in 830 in the total population screened, which is comparable with the reported frequency of one in 500. We conclude that screening for familial hypercholesterolemia using this method is feasible, but that a further study using a cutoff point that takes into account the factors that affect Apo B levels at screening would be useful. (Pediatr Res 23: 500-504,1988) 
ABSTRAa. To investigate the feasibility of screening for familial hypercholesterolemia, apolipoprotein B (Apo B) levels were determined in dried blood spot samples on neonatal screening cards from 5000 consecutively born neonates, by radial immunodiffusion assay. The 103 infants with Apo B levels in the top 2% were recalled for repeat dried blood spot Apo B determinations. Forty-five of the 103 infants were retested, and serum lipid profiles and Apo B levels were determined for both parents of 43 of these infants, and for the mother only for the other two infants. The recalled "top 2%" group had a higher proportion of females, a higher mean birth weight, a higher mean gestational age and a higher proportion of infants sampled initially on day 5 than in the total screened population, consistent with our previously determined influence of these factors on Apo B levels at screening. The retested group (n = 45) was representative of the total recalled group (n = 103) with respect to Apo B levels at screening, sex, birth weight, gestational age, and age at sampling for screening. The infants' mean 2 S D age at retesting was 12.3 f 3.3 months. Their mean Apo B value on retesting was 0.65 2 0.20 g/liter of whole blood (range 0.30 to 1.16 glliter). Two fathers had had coronary bypass surgery by the age of 40 and had type I1 lipid profiles and elevated serum Apo B levels. For both, their child had elevated Apo B levels at recall (both 1.05 g/liter of whole blood). Another five mothers and five fathers had type I1 lipid profiles (total and low-density lipoprotein cholesterol more than 95th percentile for their age and sex), and in four of these their child also had elevated Apo B levels at recall (20.70 glliter of whole blood). Another eight infants had recall Apo B levels of more than 0.70 g/liter, of whom two had only had one parent with low-density lipoprotein cholesterol more than the 90th percentile suggesting genetically determined elevated levels. Despite the arbitrary cutoff point, a total of six of the 45 infants retested had strong indications of having the gene for familial hypercholesterolemia. This gives an estimated frequency of between one in 365 and one in 830 in the total population screened, which is comparable with the reported frequency of one in 500. We conclude that screening for familial hypercholesterolemia using this method is feasible, but that a further study using a cutoff point that takes into account the factors that affect Apo B levels at screening would be useful. Atherosclerosis begins to develop in childhood (I), and therefore primary prevention should begin early in life. FH, an autosoma1 dominantly inherited condition characterized by elevated levels of LDL cholesterol, results in premature atherosclerosis, with myocardial infarction occurring by the 4th or 5th decade of life. The incidence of FH has been estimated at about one in 500 in the general population (2) . A neonatal screening programme to detect infants with FH could identify young at-risk families, and facilitate the early instigation of primary prevention in the infant and the asymptomatic young parents with FH.
The elevated LDL levels found in FH are secondary to a deficiency of functional cell surface LDL (Apo B,E) receptors resulting from a mutation in the gene coding for this receptor. LDL receptors are largely responsible for the uptake of LDL, and this constitutes the principal mechanism by which LDL is cleared from the blood. Elevated levels of apolipoprotein B (Apo B), the apoprotein of LDL, provide a good genetic marker for FH (3) , and it is possible to measure Apo B in the dried blood spot samples which are routinely collected as part of current neonatal screening programs (4, 5) . Using a radial immunodiffusion assay which directly measures Apo B in dried blood spot samples (5), we carried out a pilot study to investigate the feasibility of screening for FH in neonates, by determining Apo B levels for 5000 consecutively born neonates. The analysis of data collected for a 4491 subset of the 5000 neonates screened has been previously presented (6) and shows that the neonate variables of sex, birth weight, gestational age and, to a lesser extent, age at sampling, all influence the neonate's Apo B level at the time of screening, which is usually on days 3 to 5 after birth. In the total population screened, Apo B levels were continuously distributed with no distinct population of infants with abnormally high levels. For recall purposes an arbitrary cutoff point needed to be made. This cutoff point was decided on and the recall commenced before we were aware of the influence of the neonate variables on the Apo B levels at screening.
Although the 95th percentile has usually been used as the 
SUBJECTS AND SAMPLES
Apo B levels were determined in dried blood spot samples on newborn screening cards from 5000 consecutively born 3-to 5-day-old neonates from three Sydney metropolitan hospitals as previously described (6) . As the Apo B values were distributed continuously with no distinct population of infants with abnormally high levels, an arbitrary cutoff point was chosen for recall purposes, which for logistical reasons was placed at the 98th percentile. The 103 neonates with Apo B levels in the top 2% of the distribution for the total population were recalled for repeat dried blood spot Apo B determinations, and their parents were also invited to come in for testing. Forty-five of the 103 neonates recalled were retested. For 43 of those both parents were also tested and for the other two the mother only was tested. The remaining families either were unable to be contacted or failed to respond to the recall.
Heel-prick blood spot samples were collected onto newborn screening cards from the infants after a 4-h fast. As the establishment of a genetically determined elevated Apo B in the infant depended on a finding of elevated serum Apo B and LDG cholesterol levels in one or both parents, serum samples were collected from the parents after a 12-h fast for total, HDL and LDL cholesterol, total triglycerides, and serum Apo B determinations. Finger-prick dried blood spot samples were also collected from the parents to assess the correlation between levels of Apo B in the dried blood spot samples and in serum to detect possible declines in Apo B antigenicity before assay. Apo B levels, as determined by the method used, have been shown to decrease with increasing temperature of storage and delay before assay (5, 6) .
All samples from parents and infants were collected at the three hospitals taking part in the study. Samples were received in our laboratory within 3 days of sampling. Samples were kept at 4" C if there was any delay before transport to our laboratory. On receipt, dried blood spot samples were stored frozen (-16" C) in sealed plastic bags in an airtight container and assayed within 7 days. Sera were stored at 4" C if assayed within a day of receipt or at -16" C and assayed within 7 days.
METHODS
Assays. Apo B levels in dried blood spot samples on filter paper (neonatal screening cards) were determined using a RID assay as previously described (5,6).
Serum Apo B levels were also determined by RID assay. The immunogel was prepared by pouring 20 ml of 1 % agarose (type A agarose, Calbiochem-Behring, La Jolla, CA) solution in 50 mM barbital buffer, pH 8.8, 10 pM EDTA, containing 47 p1 of antiserum to human Apo B, titer 18.2 g/liter (Behringwerke AG, Marburg, West Germany), onto a level 12 x 12 cm glass plate. After setting, the gels were stored in humidiboxes at room temperature until use. Fifty 3-mm diameter wells were cut into the gel just before use. Apo B standard serum (Behringwerke AG) was diluted with 10 mM phosphosaline buffer, pH 7.4, to give five standards ranging from 0.10 to 0.80 glliter. Control sera and subjects sera were diluted 1 in 3 and 1 in 6 with 10 mM phosphosaline buffer, pH 7.4, immediately before assay. Five-p1 aliquots of diluted standard, control, or subjects' sera were pipetted into their appropriate wells in the immunogel, then the gel was incubated at room temperature in a humidibox for 6 days.
The five standards plus a zero standard (phosphosaline buffer only) were assayed in duplicate. The two dilutions of each subject's or control serum were assayed singly. At the end of the incubation time, two diameters perpendicular to each other were measured for each precipitin ring using a Transidyne Calibrating Viewer (Transidyne General Corp., Ann Arbor, MI). The square of the mean diameter of the precipitin ring was used to determine the Apo B concentration of the sample, the Apo B concentrations being a linear function of this value. The Apo B concentration for each control or subject's serum was the average of the Apo B values obtained from the two dilutions after correction for the dilution factor.
Serum TC, total trigs, and HDGC determinations were carried out by the Department of Clinical Chemistry, The Prince of Wales Hospital, using a Cobas Bio analyser (Hoffman-La Roche, Basel, Switzerland). TC was determined using the Boehringer CHOD-PAP kinetic enzymatic method (Boehringer Mannheim GmbH, Mannheim West Germany). Trigs were determined enzymatically using the Roche triglyceride rapid test (Hoffman-La Roche, Basel, Switzerland). HDLC was determined using the Boehringer CHOD-PAP method after precipitation of L D L VLDL using PEG 6000 at a final concentration of 100 g/liter. LDLcholesterol was estimated using the Friedewald formula (7):
Quality control of Apo B assays. Herein only one calibrated serum was used for making the blood spot standards. This serum was stored in small aliquots at -16" C, and its stability monitored regularly by comparing it to Behring Apo B standard serum by RID assay. Each new batch of blood spot standards and controls was compared with the previous batch to ensure continuity of standard and control values.
Bi-level assayed lipid profile controls (Gilford, Irvine, CA) were used as control sera and for making control blood spots as previously described (6) . Control sera and blood spots were stored at -16" C. In the serum assay, the between assay CV for control 1 (mean + SD = 0.73 + 0.02 g Apo B/liter) was 2.6%, and for control 2 (mean & SD = 1.28 + 0.02 g/liter) was 1.8%. In the blood spot assay, the between assay CV for control 1 (mean -I-SD = 0.34 & 0.03 glliter of whole blood) was 8.2%, and for control 2 (mean & SD = 0.68 + 0.07 g/liter of whole blood) was 10.4%. The mean within assay mean percentage deviation from the mean of duplicates was 2.4 + 0.9% for the serum assay and 4.3 + 1.3% for the blood spot assay.
Good correlation was obtained between the parents' dried blood spot Apo B and serum Apo B (r = 0.865, p < 0.0001). As the infants' dried blood spot samples were handled in the same way before assay as those of the parents, it was concluded that the infants' samples had not deteriorated and their assayed Apo B levels were good indicators of the infants' serum Apo B levels.
Data analysis. All data analysis was camed out by computer using the UNIX/STATS program (8, 9) . The results are expressed BLADES ET AL.
as mean + SD and the significance of the differences between group values were assessed by an unpaired t test.
When neonatal Apo B levels were adjusted to control for the effects of birth weight and sex, the predicted Apo B value for each neonate was calculated using the multiple linear regression equation:
Apo B = 0.023 19 sex + 0.025 15 bwt + 0.1 15984 where Apo B is in g/liter of whole blood; sex = 1 if male, 2 if female; bwt = birth weight in kg. The "residual" was calculated by subtracting the predicted value from the actual value. The adjusted Apo B value was obtained by adding the residual to the population mean Apo B (0.234 g/liter of whole blood).
RESULTS
Comparison of recalled top 2% with the total screened population. As expected, the mean Apo B level at screening for both males and females in the recalled group was significantly higher than for the same sex in the total population (Table 1) .
When the recalled top 2% and the total population were compared in relation to the proportion of males to females, the mean birth weight, mean gestational age, and proportion of infants initially sampled on days 3, 4, and 5 and after day 5, significant differences were found. The percentage of females was significantly higher in the recalled group than in the total population; 60% of the recalled group and 47% of the total population screened were females ( p < 0.01, by one-tailed x2 test). The mean birth weights of both males and females in the recalled group were significantly higher than for the same sex in the total population, with this difference being more marked in the case of the males (Table 1) . Males had higher mean birth weights than females in both the total population and the recalled top 2%, with this difference being more marked in the recalled group, although statistically it was less significant due to a smaller sample size.
The mean gestational ages of both males and females in the recalled group were also significantly higher than for the same sex in the total screened population, and once more this was more marked in the case of the males (Table 1 ). In the recalled group, no male had a gestational age less than 38 wk, whereas the gestational ages of the females ranged down to 34 wk.
A significantly higher proportion of the infants in the recalled top 2% had been sampled on day 5 and lower proportions on days 3 and 4 and after day 5, than would have been expected from the proportions sampled at each of these times in the total population ( p < 0.005, one-tailed x2 test). In the recalled population and in the total population respectively, the percentage of infants sampled on day 3 was 1 and 4%, on day 4,40 and 49%, on day 5,58 and 42%, and after day 5, 1 and 5%.
Comparison of the retested group ( n = 45) with the total recalled top 2% ( n = 103). As can be seen from Table 2 , the 45 infants retested were not significantly different from the total recalled top 2% group with respect to mean Apo B level at initial screening, proportion of males to females, mean birth weight, mean gestational age, and age at initial screening. We concluded therefore that these 45 infants were representative of the total recalled group with respect to these factors.
Retested infants. The mean age of the 45 infants at retesting was 12.3 & 3.3 months, with no significant differences between males and females, their respective mean ages being 12.7 f 3.0 months, n = 14, and 12.1 + 3.4 months, n = 31. Their mean dried blood spot Apo B value on retesting was 0.65 * 0.20 g/ liter of the whole blood, with values ranging from 0.30 to 1.16 g/liter. There was no significant difference between the mean Apo B values for males and females (0.639 f 0.179 and 0.65 1 f 0.210 g/liter of whole blood, respectively), or was there any relationship between the infants' recall Apo B levels and their age at retesting. There was no significant correlation for the group as a whole between the babies' original Apo B levels at screening and their recall Apo B levels, the highest babies at 3-5 days within this top 2% group not necessarily being the highest babies at 12.1 + 3.3 months. The correlation became more positive, although still did not reach statistical significance, when the infants' original Apo B levels were adjusted to control for the influence of sex and birth weight.
Parents. Forty-five mothers and.43 fathers were tested at mean ages of 30.5 f 4.8 and 32.5 2 5.2 yr, respectively. When the lipid and Apo B levels in the parents were compared, the fathers had significantly higher serum TC, serum trigs, LDGcholesterol and serum Apo B, but lower HDGC than did the mothers ( Table 3 ). The fathers also had higher mean dried blood spot Apo B levels than the mothers although this did not reach statistical significance.
There was a good correlation between the parents' dried blood spot Apo B and serum Apo B levels (r = 0.865, p < 0.0001) supporting our previous findings (5) lian population. Two fathers had already had coronary bypass surgery by the age of 40. Their total and LDGcholesterols were elevated, one with both levels above the 95th percentile and the other, who was known to be adhering to a strict dietary regimen to lower his cholesterol levels, with both levels above the 90th percentile. Both had serum Apo B levels of more than 1.60 g/ liter. For both fathers, their child had elevated Apo B levels on recall, the level for each being 1.05 g/liter of whole blood.
Another five mothers and five fathers had type I1 lipid profiles as defined by having TC and LDGcholesterol levels above the 95th percentile for their age and sex. For these mothers their mean serum Apo B was 1.59 f 0.05 g/liter and for the fathers it was 1.52 k 0.26 g/liter. In four cases, all with serum Apo B levels of more than 1.50 g/liter, their child had elevated dried blood spot Apo B levels on recall (20.70 g/liter of whole blood, i.e. equivalent to 2 1.20 g/liter in serum). One more mother was pregnant at the time of testing and had levels above the 95th percentile for both total and LDL-cholesterol and had elevated triglycerides. However, as cholesterol levels can increase by 30-40% in pregnancy (1 1), it was uncertain whether she did have a true type I1 lipid profile, and so was not classified as such.
Infants with elevated recall Apo B levels. In six cases there were strong indications of the infant having genetically determined elevated Apo B levels (20.70 g/liter of whole blood), because one of their parents had a type I1 lipid profile. Another eight infants had recall Apo B levels of more than 0.70 g/liter. In one case both parents had total and LDGcholesterol levels above the 90th percentile and in the father's case the LDLcholesterol was above the 95th percentile. Their serum Apo B levels were 1.33 g/liter for the mother (aged 24 yr) and 1.27 g/liter for the father (aged 25 yr). This infant therefore also had indications of genetically determined elevated Apo B levels. In another case, an infant with the highest recall Apo B value (1.16 g/liter of whole blood), the father (aged 26 yr) had LDLcholesterol levels of more than the 90th percentile and a serum Apo B of 1.24 glliter, possibly indicating inherited elevated levels. In another case, the father had elevated trigs (4.1 mmol/liter) and raised serum Apo B levels (I .40 g/liter). In the remaining five cases, neither parent had elevated (>90th percentile) total or LDGcholesterol and their serum Apo B levels were all <1.20 g/liter for mothers and t1.30 g/liter for fathers.
Correlations between parents' lipid and Apo B levels and babies' original and recall Apo B levels. Within this group of infants with Apo B values in the top 2% at initial screening, there was no correlation between either the mothers' or the fathers' lipid and Apo B levels and the infants' original Apo B level. When the infants' original Apo B levels were adjusted to control for the influence of sex and birth weight, all correlations with parents' lipid or Apo B levels became more positive, but were still not significant.
There were significant correlations between the infants' recall Apo B and both the mothers' and the fathers' blood spot Apo B (r = 0.40 and 0.47, respectively, both p < 0.01), and with the mothers' (r = 0.33, p < 0.05) but not the fathers' serum Apo B.
For the mothers, there was also a significant although not strong, correlation with their total cholesterol (r = 0.30, p C 0.05). There was no correlation between the fathers' total, LDG, or HDGC or trigs levels and the infants' recall Apo B levels. However, infants whose parents had total or LDGcholesterol levels in the top 10% for their age and sex, tended to have higher recall Apo B levels than those with parents whose levels were below the 90th percentile, although the differences did not reach statistical significance.
Pick-up rate for cases of FH phenotype in the population screened. In six of the 45 infants retested, their persisting elevated Apo B levels appeared to be genetically determined as one of their parents had a type I1 lipid profile. Although the distribution of neonate variables suggested that the retested group was a true random sample of the recalled group, bias in those parents responding to the recall cannot be excluded. Therefore the estimated pick-up rate in the total population screened ( n = 5000) was between at least one in 830 (if the 45 were not a true random sample of the total recalled top 2%) to at the most one in 365 (if the retested infants were a true random sample of the recalled infants). The pick-up rate for parents was similar with 12 of the 88 tested having a type I1 lipid profile.
DISCUSSION
The frequency of FH in Australia has not yet been determined; however, no "founder effect" in relation to FH has been reported in this country, and the population in this study was quite heterogeneous. For these reasons it is likely that the frequency of FH in this population is about one in 500, which is the estimated frequency in the United States (2) . By recalling infants with Apo B levels in the top 2% (i.e. one in 50) of the distribution of values for the population screened, we had expected that if all the infants with FH were in this group, that about 90% of the recalled group would be "normal" on retesting. By not taking into account those factors found to influence Apo B levels at the time of testing (6), the proportion of "normals" could be expected to be higher than originally predicted; and a number of infants with FH, particularly males of low birth weight and gestational age, and who could have been sampled on a day other than day 5, may not have been recalled and would not have been identified.
The large percentage of "normals" expected within the recalled group and the now known influence of the neonate variables on Apo B at screening at least partly explain the lack of correlation between the neonates' Apo B levels at screening and their recall Apo B, and with the parents' lipid and Apo B levels. When the infants' original Apo B levels were adjusted to control for the influence of sex and birth weight, all correlations became more positive, indicating that many infants with initially elevated Apo B levels were actually normolipidemic but were female and/or had a high birth weight.
Despite the inadequacies of the chosen cutoff point, six of the 45 infants retested had strong indications of having FH. Another three infants also had indications of genetically determined elevated Apo B levels (one possibly being hyperapo-fi-lipoproteinemic and the father having normal cholesterol levels but elevated trigs and Apo B levels). There were five more infants with persisting elevated Apo B levels but with both parents normolipidemic with normal Apo B levels. Whether their levels on recall were elevated due to diet, inadequate fasting, polygenic factors, mutation, or nonpaternity could not be determined within the scope of this study. This study detected six infants with a persistent elevation of Apo B and one parent with a FH phenotype. These were identified from the 45 infants retested from the 103 recalled.
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Because there was only a 44% response to the recall, and because babies of responders and nonresponders were comparable for the neonate variables examined, it is likely that this technique could have identified 13 of 14 babies with the FH phenotype, giving an incidence of one in 365 in the total population. This is of the same order as the estimated frequency of FH in the United States of about one in 500. Even without having retested infants with Apo B levels at screening below the 98th percentile, it could be concluded that the simplistic approach used for this recall has most probably resulted in a number of infants with FH being classified as normal at screening. By taking into account at least the neonate's sex and birth weight when classifying their results as "normal" or "abnormally high," a higher pick-up rate should result (6) .
A study would be valuable with a cutoff point placed minimally at the 95th percentile after controlling for at least these variables. Also the rate of false-negatives could be estimated by recall of a subset of infants with levels below the cutoff point. As a type I1 phenotype in both parent and infant could be due to polygenic inheritance or common environmental factors, rather than a FH genotype, a confirmatory test for the FH genotype should be camed out on all subjects with a type I1 phenotype. FH is defined by a lack of functional cell surface Apo B,E receptors, so an assay to quantitate Apo B,E receptor activity in either skin fibroblasts (12) or peripheral blood lymphocytes (13) (14) (15) (16) could be the confirmatory test. The true pick-up rate for FH using this screening technique could then be determined.
